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The active derivatives of vitamin A (the retinoids) play important and multiple roles in mammalian development and
homeostasis. We have previously shown that speci®c retinoic acid receptors are expressed in the chorioallantoic placenta
of the mouse and that among these, RXRa is strongly expressed in the developing labyrinthine zone (Sapin, V., Ward, S. J.,
Bronner, S., Chambon, P., DolleÂ , P., Dev. Dyn. 208, 199±210, 1997). Here, we show that mouse fetuses with a targeted
disruption of the RXRa gene develop defects of the chorioallantoic placenta. Both morphological abnormalities and alter-
ations in the expression of molecular markers were found, mostly con®ned to the labyrinthine zone of placentas from
mid±late gestation mutants. This region exhibited edema, abnormal stasis of maternal blood, and signs of disruption of
the endothelial layer of fetal vessels. We also detected a reduction in the number of lipid droplets in the trophoblastic
layer and abnormal ®brin deposits in the junctional zone of the mutant placentas. These abnormalities most probably
result in an impairment of the functional capacities of exchange between the maternal and fetal circulations in the mutant
placentas. Thus, placental defects could represent an extraembryonic cause of lethality for RXRa null mutant fetuses, in
addition to the previously described embryonic cardiac defects. q 1997 Academic Press
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INTRODUCTION receptors (the RAR a, b, and g isotypes and their isoforms)
binding both all-trans retinoic acid (T-RA) and 9-cis retinoic
acid (9C-RA) and three retinoid X receptors (the RXR a, b,Vitamin A (retinol) and its retinoic acid (RA) active deriv-
and g isotypes and their isoforms) binding only 9C-RA haveatives (the retinoids) are required for growth, reproduction,
been described and shown to act as heterodimeric partnersand homeostasis. Retinoic acid can prevent most of the de-
(reviewed in Chambon, 1994, 1996; Kastner et al., 1994;fects generated by postnatal vitamin A de®ciency (VAD).
Mangelsdorf et al., 1994; Mangelsdorf and Evans, 1995). Tar-Furthermore, conceptuses of VAD dams exhibit congenital
geted disruptions of speci®c pairs of RARs and RXRs leadmalformations (the fetal VAD syndrome) as well as placen-
to a large spectrum of fetal defects and, in particular, recapit-tal abnormalities, indicating that retinoids are indispens-
ulate the fetal VAD syndrome, thus demonstrating thatable for normal development (reviewed in Noback and
these receptors transduce the retinoid signal during devel-Takahashi, 1978; Sporn et al., 1994; Blomhoff, 1994; Cham-
opment (Kastner et al., 1995, 1997; Mark et al., 1995).bon, 1994; Kastner et al., 1995; Mark et al., 1995; Morriss-
The placenta is a transient, but indispensable organ dur-Kay and Sokolova, 1996). Retinoids exert their effects
ing mammalian gestation. Its functions range from nutri-through two families of receptors which act as ligand-induc-
tient and gaseous exchange to hormone and growth factor
ible transcriptional regulatory proteins. Three retinoic acid
production (reviewed in Deligdish, 1992; Kaufmann and
Burton, 1994; Cross et al., 1994; Copp, 1995). At early stages
of mouse development, the placental function is achieved1 Present address: UniteÂ INSERM 384, Laboratoire de Biochimie
by the yolk sac (Freeman et al., 1981; Jollie, 1986). ThisMeÂdicale, FaculteÂ de MeÂdecine, 28 Place Henri Dunant, BP 38,
function is eventually superseded by a de®nitive (chorioal-63001 Clermont-Ferrand-Cedex, France. E-mail: Vincent.SAPIN
lantoic) placenta which forms at the junction of allantois@inserm.u-clermont1.fr.
and chorion. At 9.5±10.5 dpc in the mouse, a network of2 To whom correspondence should be addressed. Fax: (33) 3/88/
65/32/03. E-mail: igbmc@igbmc.u-strasbg.fr. intertrophoblastic maternal blood sinuses develops in the
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ectoplacental cone and the number of trophoblastic giant major zone of exchange between maternal and fetal blood,
and may thus contribute to fetal death.cells surrounding the embryonic pole of the conceptus in-
creases. The allantois becomes vascularized and forms the
umbilical cord, connecting to the vascularized fetal surface
of the developing chorioallantoic placenta. Around 11.5 dpc, MATERIALS AND METHODS
there is no clear division of the labyrinth and the junctional
zone and the labyrinth consists of strands of cells separated Production of Mutant Mice
by gaps containing maternal blood. At this stage, the princi-
RXRa//0 mice (Kastner et al., 1994) were intercrossed to generatepal cells types are spongiotrophoblasts and giant cells. Fetal
the RXRa///, RXRa//0, and RXRa0/0 fetuses used in this study.mesenchyme progressively invades the trophoblast and es-
Mice were mated overnight and the following morning was consid-tablishes a widespread system of fetal blood vessels in the
ered 0.5 dpc. Pregnant females were sacri®ced by cervical disloca-
labyrinth. By 12.5 dpc, both the labyrinth and junctional tion between 12.5 and 16.5 dpc. The placentas were immediately
zones are clearly demarcated and glycogen-containing cells collected after uterine dissection, with or without the conceptuses.
appear for the ®rst time. The de®nitive placenta is thus The RXRa0/0 placentas used in this study were compared to those
composed of a layer of maternal tissue (decidua basalis) and of their wildtype (WT) littermates. Genotypes were determined by
Southern blot analysis of DNA from the yolk sac membrane, asof junctional, spongiotrophoblastic, and labyrinthine zones
previously described (Kastner et al., 1994).(Enders, 1965; see Fig. 1A). The exchanges of molecules and
nutrients between embryonic and maternal circulations
take place in the labyrinthine zone as early as 12.5 dpc
Histological Procedures(Muntener and Hsu, 1977; see Fig. 1B).
Several observations suggest that RXRa could play a role Placentas were ®xed in Bouin's ®xative, processed for paraf®n
in placental development and/or physiology. We recently embedding, serially sectioned at 7 mm, and stained with hematoxy-
lin and eosin or Mallory's tetrachrome (Gabe, 1968).reported that murine RXRa transcripts are strongly ex-
pressed in the ectoplacental cone and, at later stages, in the
giant trophoblastic cells and the labyrinthine zone of the
In Situ Hybridization Analysischorioallantoic placenta (Sapin et al., 1997; see Fig. 1A). In
contrast, the two other RXR isotypes showed no speci®c Placentas (with or without the fetuses) were collected at 12.5±
expression in placental tissues. Human RXRa mRNA and 16.5 dpc, embedded in OCT medium (Miles Laboratories), and fro-
protein were also detected in cultures of human cytotropho- zen on dry ice. Serial cryostat sections (10 mm thick) were collected
on gelatin/chrome alum-coated slides and stored at 0807C untilblasts and choriocarcinoma cells (Roulier et al., 1994; Ste-
use. The plasmids used to generate 35S-labeled riboprobes fromphanou et al., 1994). RA treatment of these cells was found
mouse cDNAs have been previously described in DolleÂ et al. (1990)to decrease the epidermal growth factor receptor (EGFR)
(CRBP I), Ruberte et al. (1992) (CRABP II), Dumont et al. (1995)mRNA levels (Roulier et al., 1994) and, conversely, treat-
(¯k1, tek), Lescisin et al. (1988) (4311), Faria et al. (1990) (mPL2),ment with EGF increases the levels of RXRa protein and
and Bouillet et al. (1997) (Stra6). Probe labeling, hybridization, andtranscripts (Roulier et al., 1996).
emulsion autoradiography were performed as described (DeÂcimo et
Two null alleles of the mouse RXRa gene have been gen- al., 1995).
erated by gene knockout (Kastner et al., 1994; Sucov et al.,
1994). In both cases, homozygous null mutants died in utero
between 12.5 and 16.5 dpc. These mutants displayed a de®- Immunohistochemical Analysis
ciency in the developing ventricular myocardium, which
For immunochemistry on cryosections, placentas were preparedwas postulated to be the cause of fetal death (Kastner et al.,
and sectioned as for in situ hybridization. Prior to antibody incuba-1994; Sucov et al., 1994; Dyson et al., 1994). That this car-
tion, the slides were treated with Zamboni's ®xator for 10 min at
diac abnormality belongs to the fetal VAD syndrome (Sporn 47C. For the semithin sections, the placentas were ®xed in Na-
et al., 1994) supported the conclusion that RXRa is involved phosphate buffer (0.1 M, pH 7.4) containing 4% paraformaldehyde
in retinoid signaling in vivo. Previous studies have shown for 4±6 hr, dehydrated in ethanol, and embedded in an Araldite±
that vitamin A is necessary to maintain a functional pla- Epon (Araldite M/Epon 812; Fluka) mixture. Serial semithin sec-
tions were mounted on gelatin/chrome alum-coated slides. Thecenta, thus preventing fetal resorption (Howell et al., 1964;
embedding medium was then removed with sodium methoxyde.Noback and Takahashi, 1975). The placentas of VAD rat
Both types of sections were preincubated with 5% normal goatfetuses show abnormal topographic relations of the tropho-
serum in PBS for 20 min at room temperature. After washing inblastic and glycogen cells in the central region of the junc-
PBS, the primary anti-mRXRa polyclonal antibody (RPRXa(A);tional and labyrinthine zones (Noback and Takahashi,
Rochette-Egly et al., 1994), diluted at 1/400 for cryosections and1975). Moreover, the cause of death for such VAD rats has
1/500 for semithin sections in PBS containing 0.5% Triton X100,
been attributed to placental failure at about 15±16 dpc was applied overnight at room temperature. After washing, the
(Thompson et al., 1964; Wellik and Deluca, 1995). Here we primary antibody was revealed by conventional peroxidase immu-
report that defects of the chorioallantoic placenta occur at nocytochemical staining using the streptavidin±biotin complex
mid±late gestation stages in RXRa0/0 mutant mouse fe- (Duet ABC kit, Dako) and diaminobenzidine (DAB kit, Vector) as
chromogen. Some slides were counterstained with toluidine bluetuses, principally in the labyrinthine region which is the
Copyright q 1997 by Academic Press. All rights of reproduction in any form reserved.
AID DB 8687 / 6x2e$$$$22 10-13-97 10:56:54 dba
31Placental Defects in RXRa Null Mutant Mice
(for semithin sections) and methyl green (for cryosections). Control
slides were processed in parallel, but without primary antibody
incubation. Sections of RXRa0/0 placentas and fetuses were also
used as controls. No immunostaining could be detected in these
controls (see Results).
Electron Microscopy
The placentas were collected from anesthesized pregnant mice.
They were immediately ®xed with Na-phosphate buffer (0.1 M, pH
7.4) containing 3% glutaraldehyde, cut in 2-mm-thick slides, ®xed
in the same ®xative overnight at 47C, post®xed in 1% osmium
tetroxide in Na-phosphate buffer (0.1 M, pH 7.4) for 1 hr at 47C,
dehydrated in ethanol, and embedded in an Araldite±Epon mixture.
Semithin sections (2 mm thick) were stained with toluidine blue
for light microscopy. Ultrathin sections (60 nm) were performed
using a Leica ultracut, contrasted with uranyl acetate and lead
citrate, and examined in a Philips EM 208 electron microscope.
Periodic Acid±Schiff (PAS) Staining
Semithin sections were prepared as for the electron microscopy.
The embedding medium was removed with Na-methoxyde. Slides
were rehydrated in distilled water and placed in 1% periodic acid
(Sigma) for 10 min, rinsed in distilled water, placed in Schiff reagent
for 30 min, washed in distilled water, counterstained with Groat
hematoxylin, and rinsed for 1 hr under running water. Some of the
slides were treated with diastase that digests sugars to control for
the speci®city of PAS staining (Gabe, 1968).
RESULTS
We previously reported the distribution of RXRa tran-
FIG. 1. (A) Scheme of the mature chorioallantoic placenta of thescripts during placentation in the mouse (Sapin et al., 1997;
mouse, at about 15.5 dpc. The chorioallantoic placenta is composedsee Fig. 1A). Using an anti-RXRa polyclonal antibody
of a layer of maternal tissue (decidua basalis) and of junctional,(RPRXa(A); Rochette-Egly et al., 1994), immunochemistry
spongiotrophoblastic (hormone/growth factor-producing), and laby-
on cryosections or semithin sections revealed that the rinthine (exchange between maternal and fetal circulations) zones.
RXRa protein was expressed in the same placental regions RXRa gene transcripts are detected in the trophoblastic giant cells
as the corresponding transcripts. During early placentation and the labyrinthine zone (gray shading; see Sapin et al., 1996). (B)
(6.5 to 12.5 dpc), immunostaining was present in tropho- Scheme of the cellular organization in the labyrinthine zone of the
blastic giant cells (data not shown). At later stages, the mature chorioallantoic murine placenta, showing its hemotrichor-
ial structure. The maternal and fetal blood vessels are separated byRXRa protein was detected in the labyrinthine zone of the
the three layers of trophoblastic cells (cyto- or syncytiotropho-chorioallantoic placenta and in giant trophoblastic cells
blasts) numbered 1 (maternal side) to 3 (fetal side). Adapted from[Fig. 2A (13.5 dpc) and data not shown]. More precisely, the
a ®gure by Hernandez-Verdun (1972). Abbreviations: BC, bloodimmunolabelling was present in the trophoblastic (epithe-
cord; CP, chorionic plate; DB, decidua basalis; E, endothelium; FS,lial) component of the labyrinthine region and absent in
fetal side; FV, fetal vessel; GC, giant cells; JZ, junctional zone; LZ,
endothelial cells (Figs. 2C and 2E). The subcellular distribu- labyrinthine zone; MS, maternal side; MV, maternal vessel; SZ,
tion of the RXRa protein was mainly nuclear (Figs. 2C and spongiotrophoblastic zone; T, trophoblast cell.
2E). No immunostaining was seen when sections of WT
placentas were incubated without the primary antibody or
when this antibody was previously saturated with the im-
munogenic protein (data not shown). As expected, immuno- progressively died after 12 dpc. Thus, we have studied pla-
centas of RXRa0/0 fetuses from 12.5 dpc (prior to lethality,labeling was absent in placental sections from RXRa0/0 mu-
tants at all stages analyzed (Figs. 2B, 2D, and 2F). but after establishment of a functional chorioallantoic pla-
centa) to 16.5 dpc (when almost no live RXRa null fetusesThe chorioallantoic placenta of RXRa null mutants was
analyzed histologically from 12.5 to 16.5 dpc. Our previous are left). Only placentas obtained from fetuses that were
not dead in utero (as judged by the presence of heart beatsstudy (Kastner et al., 1994) revealed that RXRa null fetuses
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FIG. 2. Immunodetection of RXRa protein on placental sections from wildtype (A, C, E) and RXRa0/0 (B, D, F) fetuses at 13.5 dpc.
Sections were processed according to the ABC immunoperoxydase method, with puri®ed polyclonal antibodies against RXRa (see Materials
and Methods). (A±D) Conventional (10-mm) sections of frozen placentas. (E, F) Semithin (2-mm) sections of Epon-embedded placentas,
which provide better histological resolution, perhaps at the expense of immunogenicity. Note the absence of immunostaining in all
sections of RXRa0/0 mutants. Abbreviations: CP, chorionic plate; D, decidua; E, endothelium; F, fetus; FS, fetal side; FV, fetal vessel; JZ,
junctional zone; LZ, labyrinthine zone; MS, maternal side; MV, maternal vessel; SZ, spongiotrophoblastic zone; T, trophoblast; V, vessel;
Va, vacuole.
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and absence of signs of necrosis) were analyzed, to exclude placentas [Figs. 4C±4F (tek) and 4G and 4H (¯k-1)]. Since
there was no general alteration of tek (Figs. 4C and 4D) andpostmortem placental defects.
Macroscopic inspection of mutant placentas showed that ¯k-1 (data not shown) expression levels in the endothelium
of fetal blood vessels, this defect appeared to be speci®c tothe chorioallantoic fusion did occur. The allantois was nor-
mally fused to the chorionic plate. Maternal and fetal blood placental tissue. As expected, expression of the trophoblas-
tic giant cell-speci®c marker placental lactogen hormonecirculations were established and fetal nucleated red cells
were detected in the labyrinthine zone. However, from 14.5 type 2 (mPL2) gene (Faria et al., 1990) was not altered in
RXRa0/0 mutants (data not shown). We have also studiedto 16.5 dpc, the placentas of RXRa0/0 mutants appeared
abnormal: they were paler and the limits of the labyrinthine the expression patterns of two genes whose products are
involved in retinoid signaling and are expressed in placentalzone were not well established (data not shown).
Histologic comparisons at 14.5, 15.5, and 16.5 dpc re- tissue, the cellular retinoic acid binding protein II (CRABP
II), and cellular retinol binding protein I (CRBP I) genes, andvealed that the placentas from RXR a null fetuses were
structurally abnormal. At these stages, WT placentas were no alteration of their transcript patterns was detected (data
not shown). The same observation was made for a RA-in-clearly organized into a junctional zone between maternal
decidua and placenta, a spongiotrophoblastic and a labyrin- ducible gene, Stra6 (Bouillet et al., 1997), which remained
strongly expressed in the trophoblast cells of the mutantthine zone (Figs. 3A and 3C) (Muntener and Hsu, 1977;
Enders, 1965). Giant trophoblastic cells were detected near (Fig. 4J) as well as the WT (Fig. 4I) placentas. These data
con®rm that, despite the structural alterations of the laby-the junctional zone (Fig. 3C). All placental cell types could
be identi®ed in RXRa0/0 placentas. In particular, giant tro- rinthine zone, apparently functional trophoblast cells were
present in RXRa0/0 mutants.phoblastic cells were present in apparently normal numbers
and formed multiple cell layers at the interface between the Placental glycogen-containing cells are speci®cally
stained by the PAS method (Noback and Takahashi, 1978).maternal decidua and the placenta (Figs. 3B and 3D; high
magni®cations not shown). However, RXRa0/0 placentas These cells are located primarily in the junctional zone be-
fore day 12 of gestation and in both junctional and spongio-lacked a distinct organization and separation into spongio-
trophoblastic and labyrinthine regions (Figs. 3B and 3D). We trophoblastic zones at later stages (Fig. 5A). In addition, we
detected clusters of glycogen cells in the labyrinthine zonealso detected the presence of blood lacunae with stasis of
blood in some regions of the maternal±fetal interface, as (Fig. 5A) and small amounts of glycogen in the giant cells
(data not shown). The topographic distribution of glycogen-well as minor signs of necrosis and edema in the labyrin-
thine region (Figs. 3B and 3D). Note that the most conspicu- containing cells was similar in RXRa0/0 placentas (Fig. 5B
and data not shown). However, the number of PAS-positiveous signs of stasis were detected in the maternal lacunae of
the junctional zone (Fig. 3D). The labyrinthine region of cells was reduced in the case of mutant placentas (compare
Fig. 5A to 5B).WT placentas exhibited numerous small fetal vessels sur-
rounded by trophoblast (epithelial) cells which are bathed in Analysis of semithin sections of 12.5- to 16.5-dpc WT
placentas showed the presence of a layer of droplets in thematernal blood (Figs. 3C and 3E). The network of embryonic
vessels and maternal sinuses was not correctly developed trophoblastic cells that surround the fetal vessels (Fig. 5C;
layer 3 in Fig. 1B). These droplets reacted with osmiumin RXRa0/0 placentas, resulting in disorganization of the
labyrinthine zone (Fig. 3D). The trophoblastic wall between tetroxide, suggesting that they contain unsaturated lipids
(Kastner et al., 1996). The number of these lipids dropletsfetal and maternal vessels was thicker in the mutants, thus
increasing the distance between the maternal and fetal cir- was markedly reduced in sections of mutant placentas
(compare Fig. 5C to 5D).culations (Figs. 3E and 3F). In addition, the endothelial wall
of the fetal vessels appeared abnormally spaced from the Additional defects were revealed by electron microscopic
examination of RXRa0/0 placentas. These defects were ob-trophoblast cell layer in some places (Fig. 3F and see below).
Similar, but more subtle abnormalities were already de- served in cells of the labyrinthine zone at 12.5±14.5 dpc.
The endothelial layer surrounding the fetal vessels appearedtected at 12.5 dpc, while development of the chorioallantoic
placenta was still proceeding (data not shown). reduced and more fragile. The endothelial cells were not in
close contact with the trophoblastic layer and the basementTo further characterize the placental defects of RXRa0/0
mutants, we have used in situ hybridization to study the membrane between endothelium and trophoblast appeared
discontinuous in mutant placentas (Figs. 6B and 6C). Inexpression of trophoblast or other cell-type speci®c mark-
ers. Transcripts of the 4311 gene (Lescisin et al., 1989) are some places, there were wide gaps between endothelial and
trophoblastic layers (Figs. 6E and 6F). We also observed in-restricted to the spongiotrophoblastic layer of the placenta
in WT embryos (Fig. 4A). This speci®c labeling was still creased ®brin deposits at the junctional zone between ma-
ternal and placental tissue in RXRa0/0 mutants (Fig. 6D).present in the placentas of RXRa0/0 mutants, but it ap-
peared to invade abnormally the labyrinthine zone, espe-
cially at 14.5 dpc (Fig. 4B). Expression of two endothelial DISCUSSION
cell markers of the chorion and labyrinthine regions, tek
and ¯k-1 (Dumont et al., 1995), was detected in the mutant This study is the ®rst report of placental defects in mice
with a targeted disruption of RXRa, one of the nuclear re-placentas, but was reduced and not as uniform as in WT
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FIG. 3. Comparative histological sections of placentas from wildtype (A, C, E) and RXRa0/0 (B, D, F) fetuses at 14.5 dpc. (A±D) Sections
of paraf®n-embedded placentas stained with Mallory's tetrachrome and (E, F) high-power views of semithin sections stained with toluidine
blue. Abbreviations: BC, blood cord; bs, blood stasis; CP, chorionic plate; D, decidua; E, endothelium; FS, fetal side; FV, fetal vessel; GC,
giant cells; JZ, junctional zone; LZ, labyrinthine zone; MS, maternal side; MV, maternal vessel; n, necrosis; o, edema; SZ, spongiotrophoblas-
tic zone; T, trophoblast; V, vacuole.
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FIG. 4. In situ hybridization analysis of speci®c markers in wildtype (A, C, E, G, I) and RXRa0/0 (B, D, F, H, J) placentas. Serial sections
of 13.5-dpc placentas were hybridized to antisense riboprobes for 4311 (A, B), tek (C to F), ¯k-1 (G, H), and Stra6 (I, J) transcripts. The
sections are viewed under dark-®eld illumination showing the signal grain in white. Abbreviations: D, decidua; F, fetus; L, labyrinth; P,
placenta; SZ, spongiotrophoblastic zone.
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FIG. 6. Electron microscopy views of wildtype and RXRa0/0 placentas. (B, C, E, F) Ultrastructural details of the labyrinthine zone of
WT (B, E) and mutant (C, F) placentas and (D) abnormal ®brin deposits in the vacuolar region of a RXRa0/0 placenta. The corresponding
regions are approximately boxed in the low-power view of the semithin section shown in (A). Abbreviations: E, endothelium; FV, fetal
vessel; L, labyrinth; MS, maternal side; MV, maternal vessel; RC, red cell (erythrocyte); T, trophoblast; V, vacuole.
ceptors involved in transduction of the retinoid signal in no live RXRa0/0 mutant fetuses after 16.5 dpc (Kastner et
al., 1994). Only placentas from live fetuses were analyzed.mammalian species. Placentas of RXRa null mutants were
analyzed from 12.5 to 16.5 days of gestation because (i) 12.5 The placentas of RXRa0/0 mutants were normal in size and
contained both maternal and fetal blood, suggesting thatdpc corresponds to the beginning of the chorioallantoic cir-
culation (Muntener and Hsu, 1977) and (ii) there are almost normal contacts had been established between blood cord
FIG. 5. (A, B) Distribution of glycogen-containing cells in placental sections from wildtype (A) and RXRa0/0 (B) fetuses at 14.5 dpc.
Sections were processed according to the PAS staining method (see Materials and Methods). Glycogen-containing cells appear in dark
pink. (C, D) Distribution of lipid droplets in semithin sections of wildtype (C) and RXRa0/0 (D) placentas. Lipid droplets appear in black
around the fetal vessels. Abbreviations: FS, fetal side; FV, fetal vessel; JZ, junctional zone; L, labyrinth; LD, lipid droplets; MS, maternal
side; MV, maternal vessel; SZ, spongiotrophoblastic zone; T, trophoblast; V, vacuole.
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and chorionic (placental) tissue. This excludes a failure of non-cell-autonomous and result from the lack of RXRa in
trophoblast cells. Both the endothelial defect and the abnor-the allantois to fuse and properly anastomose with the
chorion, as detected in embryos mutant for the V-CAM or mal thickness of the trophoblastic layer may actually affect
the transfer of nutrients and oxygen from the maternal toa4 integrin genes or after early embryonic exposure to RA
excess (Kwee et al., 1995; Gurtner et al., 1995; Yang et al., fetal blood and therefore contribute to the death of the
mutant fetuses, as in the case of hepatocyte growth factor1995; Tesh, 1988, and refs. therein). It is noteworthy that
the vital connection between the developing heart and the receptor (HGFR) and EGFR gene mutations (Hay, 1991;
Uehara et al., 1995; Schmidt et al., 1995; Sibilia and Wagner,yolk sac (the vitelline vessels) is often missing following
an RA de®ciency in quails (Dersch and Zile, 1993) and mice 1995). We also noted abnormal accumulation of ®brin in
the junctional zone of RXRa0/0 placentas. Accumulation(Bavik et al., 1996), leading to early embryonic death.
Interestingly, early placentation appeared normal in the of placental ®brin is a normal feature toward the end of
pregnancy and is thought to aid in successful separation ofRXRa0/0 mutants, suggesting that RXRa may not be in-
volved in the transduction of the retinoid signal in this the placenta from the uterus at parturition. The exagerated
accumulation seen in the RXRa null mutants may causeprocess.
The most important differences between RXRa0/0 mu- alteration of fetal±maternal adhesiveness, as reported in the
case of mutant mice for the leukemia inhibitory factor (LIF)tant and wildtype placentas were found in the labyrinthine
zone. This zone is composed of maternal blood sinuses, receptor (Ware et al., 1995). It could also contribute to hyp-
oxia and diminution of nutrient exchange in the mutants.trophoblastic cells arranged in three layers, and an endothe-
lial wall surrounding the fetal vessels (hemotrichorial pla- The thickened laminae of trophoblast in the labyrinthine
zone of RXRa0/0 placentas may result from accumulationcenta; see Fig. 1B). Both histological analysis and in situ
hybridization of molecular markers revealed that all these of cells exhibiting normal rates of proliferation, but failing
to differentiate into mature trophoblasts. The balance be-cell types are present in the labyrinthine zone of RXRa0/0
placentas. However, the labyrinthine zone appeared histo- tween proliferation and differentiation rates is likely to be
critical for the function of the labyrinth. According to Jollielogically disorganized. It displayed minor signs of necrosis,
endothelial defects, blood stasis, and abnormal thickening (1964), both the glycogen cells and spongiotrophoblastic
cells develop from undifferentiated trophoblastic parenchy-of the trophoblastic region. Interestingly, these abnormali-
ties are similar to those reported for placentas of VAD fe- mal cells of the early junctional zone. It has also been sug-
gested that glycogen cells may derive from spongiotropho-tuses (Howell et al., 1964; Takahashi et al., 1975; Noback
and Takahashi, 1978), thus suggesting that RXRa is required blast (Redline et al., 1993), although there is no lineage
study to con®rm this suggestion. The number of glycogenfor transducing the retinoid signal in the placenta. Note
that the recently described Wnt-2 null mutation results in cells was reduced in the RXRa0/0 placentas, suggesting sim-
ilar lack of differentiation, as described in the case of insu-placental defects similar to those of RXRa0/0 mutants
(Monkley et al., 1996). lin-like growth factor II mutants (Lopez et al., 1996). These
observations support the idea that RXRa has a role in theMaternal blood pooling in the placental labyrinth is a
normal process that facilitates an exchange of nutrients facilitation of the differentiation of placental parenchymal
cells into mature trophoblast and glycogen cells. This isfrom the maternal to the fetal blood (Ware et al., 1995).
However, there seems to be an excess of pooling in the consistent with the established role of RA in growth, integ-
rity, and control of differentiation of other epithelial cellplacentas of RXRa0/0 mutants, leading to edemacious ap-
pearance with abnormal blood stasis or even thrombosis. types (reviewed in Love and Gudas, 1994; Rogers, 1994). It
is also consistent with the effects of RXRa gene disruptionThis could result from a de®ciency in the development of
the placental network of maternal and fetal vessels. Alterna- in F9 embryonal carcinoma cells. Indeed, the loss of RXRa
impairs the morphological endodermal differentiation of F9tively, or in addition, the stasis could result from a progres-
sive decrease in cardiac performance in RXRa0/0 fetuses cells (Clifford et al., 1996).
Semithin sections of both wildtype and mutant placentas(Kastner et al., 1994). Both phenomena could generate ab-
normal stasis of fetal blood in the labyrinthine zone, leading revealed the presence of lipids droplets located in the tro-
phoblastic layer that surrounds the fetal capillaries (layer 3to edema due to back pressure or vessel leakage and associ-
ated alterations of maternal blood ¯ow. Interestingly, No- in Fig. 1B). Lipid transport from maternal to fetal blood
involves (i) direct transporter-mediated transfer of certainback and Takahashi (1978) also mentioned that the placen-
tas of VAD fetuses were more dif®cult to exsanguinate than fatty acids and (ii) lipoprotein uptake, followed by metabolic
alteration in trophoblasts of the placenta and release of me-WT placentas and that small spots of blood were visible
after exposing the VAD placentas to injection of saline tabolites into the fetal plasma (Hay, 1994). The placental
architecture should affect the maternal/fetal nutrient ex-buffer.
Placentas of RXRa0/0 fetuses displayed ultrastructural ab- changes and, thus, the quality or quantity of lipids delivered
to the fetus (Hay, 1995). Interestingly, the trophoblasticnormalities at the level of the endothelial wall of the fetal
vessels, which was abnormally thin and brittle and did not cells of placentas of RXRa0/0 mutants were poorer in lipid
droplets. This decrease could be explained by a diminutionadhere to the trophoblastic layer. Since the RXRa protein
was not detected in the endothelium, this defect might be of lipid exchange between fetal and maternal compartments
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in the altered labyrinthine zone. Members of the peroxi- human pregnancy. Further studies will reveal whether the
present placental alterations have some counterparts insome proliferator-activated receptor (PPAR) superfamily
have been shown to act, in heterodimeric combinations cases of human fetal growth retardation and fetal death
which might be caused by genetic alterations affecting pla-with RXRs, as transcriptional regulators of several genes
involved in lipid metabolism and to be activated by various cental development and function or by vitamin A de®cien-
cies.fatty acids (reviewed in Lemberger et al., 1996). The diminu-
tion of lipids in placentas of RXRa0/0 mutants could there-
fore re¯ect an impaired PPAR function, caused by the lack
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